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論文内容の要旨 
 
A huge variety of sexual signals such as nuptial colors or courtship songs have 
become one of the central research objects in evolutionary and behavioral biology. In 
many animal species, males often become senders of sexual signals, while females 
become receivers and perceive the sexual signals with their sensory systems. The 
concept that deals with the evolution of sexual signals from the viewpoint of female 
sensory properties is known as sensory drive model. According to this conceptual 
model, sensory systems that have evolved to adapt to surrounding environments 
underlie female mate preferences, and may act as divergent selection on male 
sexual signals, causing the evolution of signal polymorphisms and even speciation. 
To understand these evolutionary interactions and to test higher-order evolutionary 
consequences, we need to examine the mechanism underlying variations in the 
sensory system and how and what differences in sensory properties affect female 
preference. The guppy, Poecilia reticulata, has been recognized as an important 
model organism for sexual selection because of its exaggerated male body color 
patterns. Color patterns in males act as sexual signals and show highly heritable 
variation within and among populations. Females prefer some components of color 
patterns and the female preference also differs among individuals. One of suggested 
factors to cause these polymorphisms is variation in the color vision. If the color 
vision varies among individuals, specific perceptual biases might lead to variation 
in female preference for male colors and consequently, might affect the maintenance 
of variations in male colors. Color vision is enabled by utility of different spectral 
types of cone visual pigments which comprise an opsin and a chromophore. Recent 
studies identified nine opsin genes in the guppy (SWS1, SWS2-A and SWS2-B, 
RH2-1 and RH2-2, LWS-1, LWS-2, LWS-3, and LWS-4) and allelic polymorphism at 
LWS-1 maintained in natural populations. In this thesis, focusing on these opsin 
genes, I investigated genetic and environmental effects on variations in visual 
properties and test whether the visual variation affects female preference for male 
sexual colors in the guppy.  
 
Chapter 1 
The differential gene expressions of opsins have crucial effects on spectral 
sensitivities of visual pigments and affect color vision. Several studies have 
demonstrated plastic changes in opsin gene expression according to developmental 
light environments. However, in the guppy, it remains unknown the environmental 
effects on the expression profiles of opsin genes, and the relationships between 
opsin expression differences and spectral sensitivity variations that may cause 
differences in color vision. In chapter 1, I examined whether light environments 
during growth induced plastic changes in opsin gene expression and caused 
subsequent changes in behavioral sensitivity to particular wavelengths of light. I 
measured opsin expression levels and the behavioral response to long-wavelengths 
lights using qPCR assay and optomotor experiments for individuals grown under 
two different light environments (green and orange environments). Individuals 
grown under orange light exhibited a higher expression of long 
wavelength-sensitive (LWS) opsin genes and a higher sensitivity to 600-nm light 
than those grown under green light. In addition, we confirmed that variations in the 
expression levels of LWS opsin genes were related to variations in behavioral 
sensitivities to 600-nm light. These results suggest that plastically induced 
expression changes in LWS opsin lead to variation in individual color perception in 
the guppy.   
 
Chapter 2 
Opsin proteins are primarily responsible for variations in spectral sensitivity of 
visual pigments, and the mechanisms underlying the variations via opsins can fall 
into two major categories; amino acid substitutions in opsin proteins and changes in 
opsin gene expression. In the guppy, both amino acid substitution and opsin 
expression changes have been reported; two LWS-1 alleles defined by an amino acid 
substitution (Ala or Ser) at the site corresponding with residue 180 in human 
M/LWS opsins had differing spectral sensitivity and expression levels of opsin genes 
varied among populations experiencing different predation pressures (high and low 
predation). Moreover, there were plastic variations in opsin gene expressions under 
various light environments, and the variation lead to differences in the behavioral 
light sensitivity measured by optomotor responses (chapter 1). From these findings, 
in the guppy, differences in LWS-1 sequences and genetic or plastic variations in 
opsin gene expressions can concurrently generate the diverse color vision and 
female mate preferences for male color signals. In this chapter, I compared opsin 
expression levels between individuals with different LWS-1 alleles growing under 
different light environments, and measured behavioral light sensitivity and female 
preferences for male sexual colors. I showed that allelic difference in LWS-1 caused 
the expression differences in linked opsin genes such as LWS-2 and SWS2-B as well 
as LWS-1 and light environments during growth also affected the expression of 
several opsin genes. The expression levels of LWS-1 affected the behavioral 
sensitivity to long-wavelengths of light. In addition, female preference to orange 
spots in males was influenced by gene expression levels of several opsins (Figure 1). 
These results indicate that variations in color sensitivity are caused by genetic and 
environmental variations in opsin gene expression and the variation plays 
important roles in individual behaviors including female mate preference. 
 
A series of present results demonstrated that opsin gene expression altered 
plastically (responding to light environment during growth) and genetically 
(according to differences in LWS-1 genotype) and the variation in opsin gene 
expression had significant effects on individual behavior including female mate 
preferences. Hereafter, this study can become first step to unravel evolutionary 
causes of the extremely polymorphic male color patterns and furthermore lead to 
uncovering higher-order ecological evolutionary interests such as maintenance of 
genetic variations, local adaptation and its effects on ecosystem processes and the 
mechanism of speciation.  
 
 
 
論文審査結果の要旨 
 酒井祐輔提出の博士論文では､グッピーの色覚に関わるオプシン遺伝子多型と遺
伝子発現量が光感受性と雌の配偶者選好性に及ぼす影響について明らかにした。1
章では、生育時の光環境が光感受性とオプシン遺伝子発現量への影響について調べ
た。その結果、オレンジの光環境で育ったグッピーは、緑の光環境で育ったグッピ
ーより、LWS-1 と LWS-3 の発現量が増加した。また、特定の光波長の感受性を調べ
るためにオプトモータ-実験を行い、600nm の波長の光に対して、オレンジの光環境
で育ったグッピーが感受性が高いということが示された。2 章では、吸収波長に違の
ある LWS-1 の多型と生育時の光環境がオプシン遺伝子発現量、光感受性、さらに雄
のオレンジスポットへの選好性への影響について調べた。その結果、LWS-1 の遺伝
子型の違いは、発現量の違いを通じて、光感受性に影響していることが明らかにな
った。また、遺伝子型と光環境の間には交互作用があり、白色光とオレンジ光では、LWS-1Serの発現量が高かったが、緑光では、低くなった。さらに、雌の雄のオレン
ジスポットへの選好性は、LWS-3 酒井祐輔 LWS-4 と SWS1 の発現量が影響している
ことが明らかになった。これらのことから、雌のオレンジスポットへの選好性の個
体間の変異は、遺伝子型と環境の交互作用によって維持されていることが示唆され
た。酒井祐輔氏の研究は、これまで色覚の個体間の変異が、グッピーの雄の体色の
多様性維持に関わっているとする仮説を、オプシンの発現量の変異から明らかにし
た研究である。さらに、オプシンの発現量の違いが雌の選好性の強さに影響するこ
とを示す初めての研究となった。これらの研究は、酒井祐輔氏が主導で行った研究
で、酒井祐輔氏は研究活動を行うに必要な高度の研究能力と学識を有することを示
している。したがって，酒井祐輔氏提出の論文は，博士（生命科学）の博士論文と
して合格と認める。 
